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ARTICLES

CURRENT DEVELOPMENTS IN CHINESE
DOCUMENT PROCESSING SYSTEMS IN THE REPUBLIC OF CHINA

Cheng-Kiang Farn*

National Central University, Taiwan

1. Introduction
Prior to the late 1960s, computers were used as is, without any capability of processing
Chinese-language information. However, due to rapid advances in technology and very
high demand in the late sixties and early seventies, the problem of Chinese-language
processing became an extremely important research topic that attracted researchers in
many countries and resulted in various commercial products which contributed
significantly to the use of computers in the Chinese-language community.
The wave of research in Chinese computing was initiated in the Republic of China in
1971 by a research project in the National Science Council that attempted to carry out
data processing in the Chinese language. It started a torrent of research projects in
which almost all universities and research organizations took part. During the past two
decades, these series of research efforts, ranging from theoretical research and
engineering development to general applications, proved to be fruitful both in the
advancement of theory and in real-life settings.
Early research focused on innovative ways to allow computer systems to accept, process,
display, and output Chinese-language information-basically a problem of input and
output. Through years of improvements, starting in 1976, these researches turned into
numerous commercial products with Chinese-language input and output methods,
supported by hardware and software. Apart from a few exceptional cases, all makes of
computer sold in the Republic of China today possess some form of Chinese-language
processing capability.
Of all the applications of Chinese-language processing
capabilities, one major usage today is in document processing which includes word
processing, electronic publishing, desktop publishing, and document filing and retrieval.
In order to process Chinese information correctly, various facets of the language itself
have to be examined carefully, such as total character count, usage statistics, sort
sequence, handling of variant characters (i t'i t z u j | f V ^ ) and homonyms (t'ung yin
tzu
%), etc. Despite the abundance of commercialproducts, some of these issues
have yet to be resolved. Such research efforts naturally call for interdisciplinary
cooperation between language specialists and computer experts. Since beginning
research was mostly techmcal, many errors were committed. Some of these errors-like
wrong characters, an incomplete character set, a wrong sort sequence, the lack of ability
to process variant forms and homonyms-still exist in current commercial products.
"This paper was delivered at the annual meeting of the CEAL Subcommittee on Library
Technology, Chicago, April 7,1990.
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Chinese-language information can be classified as having either natural or artificial
forms, according to the information's media of representation and physical phenomena.
Natural form refers to representation in audio voice and visual shape. Artificial form
refers to the "machine readable" information which is a representation of natural form
information through mathematical or physical transformation. Early efforts in Chineselanguage processing focused on the artificial form, thereby establishing the foundations
for further development. Recent research efforts attempt to solve the more challenging
problems in natural-language processing.
Many research and development efforts today are focused on improving the
functionality and quality of Chinese-language processing. TTiese include the processing
of natural language (speech/character recogmtion and synthesis), better user interface,
easier and more flexible keyboard input, better quality output, processing at the level of
phrases and sentences (rather than at the character level), etc.
2. Characteristics of Chinese-Language Processing
The Chinese language is very different from western languages. Chinese characters are
ideographic in nature and have a two-dimensional structure. It is not a spelling
language where each word is composed of a limited set of alphabets. There are several
thousand commonly used Chinese characters, each and every one of which is
ideographically different.
Besides being ideographic, the Chinese language has a unique pictorial aspect and
homophone and homonym problems. It contains basically monosyllabic words (each
character forms a word) and polysyllabic phrases. Although it has thousands of
characters (there are 42,174 characters in the K'ang-hsi dictionary (K'ang-hsi tzu
tien fefci^Jk ), it has only 423 different sounds which, when modified by tones, equals
1,351 different words [Yu 1988]. It contains hundreds of radicals and components, yet it
does not form an alphabet. One radical can be composed from others and a character
can be composed in several ways.
Phonetic alphabet systems (e.g., Chu-yin ju-haoii^^fc
and romanized pinyin^^-)
are used as tools to teach Chinese-language beginners and can also be used as a means
of input. But five possible tones per sound poses another level of difficulty.
To resolve these problems, various processing methods were developed exploiting the
language's special characteristics. Hsieh [1982] proposes viewing Chinese-language
processing from three dimensions according to its characteristics.
The target of Chinese-language processing can be character, phrase, clause, sentence,
paragraph, and document and, based on the elements of language structure, the syntax
and semantics of the language. To date, most commercial products use character
processing. The processing of phrases and beyond is still too complicated and lacks
theoretical models. Research projects in the areas of language syntax and semantics
have yet to produce any significant result.
Another dimension is based on the media of language representation which can be
classified into three categories: code, voice, and shape. Shape refers to the visual
processing of the appearance of text, manifested in printing, displaying, and
handwriting. Voice refers to the audio processing of language, including speech and
recording, etc. Code refers to the machine-readable language forms like digitized dot-
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matrix font patterns, outline font patterns, coded voice messages, binary representation
of character and interchange codes, etc.
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Figure 1. Chinese language document processing. (After Hsieh [1982])

The third dimension is that of information processing functions. According to the
theory of automata, there are two basic functions; namely, generation and recognition.
In actual application, these can be classified further.
These three dimensions are mutually independent and together form a threedimensional space (as illustrated in the accompanying diagram) in which any point in
the space represents a specific basic research area in Chinese-language processing. For
example, the research in character generation is the intersection of "character, shape,
and generation."
Based on this framework, the issues involved in Chinese-language processing can be
clearly explained. The current status of research is that most areas in this three
dimensional space have not been fully explored. Most useful research concentrates in
the areas of character and phrase. The limitations are due mostly to the constraints in
the Chinese language itself.
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3. Current Status of Chinese-Language Processing
In order to process Chinese information using computer systems, the first problem one
encounters is how to enter selected characters from the massive set of ideographic
characters into the computer. Even if one solves the problem of inputting Chinese
characters, how can one be sure that the correct characters were entered. Next come
the problems of how to display and output the characters, how to represent the
characters in machine form, and how to handle the internal processing, manipulation,
storage, retrieval, and communication of the Chinese information. These are discussed
in the following paragraphs.
3.1 Chinese Inputs
There are several hundred schemes of Chinese input available today. The more mature
and commercial ones are all based on the keyboard input techmque. These can be
broadly classified into four categories, namely, the shape-based, the phonetic-based, the
arbitrarily assigned, and the shape-sound-mixed techniques. Yu [1988] gives a detailed
run-down of the prominent methods, while only the more important ones are described
here.
Shape-based input techniques are based on the shape of the character. Each character
is decomposed into components according to a set of predefined rules. Each
component will be assigned a key on the standard English keyboard. A sequence of
corresponding key strokes based on the decomposition rules will produce the proper
Chinese character. In case of code conflicts where more than one character is
identified by the sequence, further input is required to select the desired character from
the multiple choice. Shape-based input technique is the most popular approach in
Taiwan. The most popular schemes using this technique include T s a n g - c h i e h ^ ^ ,
Acer's Dragon^J|! , Wang Laboratory's three-corner system, son chiao ma
,
and Ta-i;£j^. These require a significant amount of training in the corresponding
decomposition rules.
Sound-based input technique depends on the sound of each character, using either
romanized or chu-yin fu-hao symbols. The more primitive techniques are characterbased, where the occurrence of homophones (different characters with the same sound)
is resolved by additional input. Phrase-based input is another way of resolving the
homophone and homonym problem. The basic reasoning is that as characters are
strung together to form phrases, the homophone at the phrase level diminishes rapidly.
The Tian-ma^.^ system of International Geosystems Corporation of Canada is a good
example; one where the users input romanized Hanyu Pinyin ^
phrases without
tones and the system performs a context-dependent guess based on its internal library
of phrases.
Most microcomputer-based systems in Taiwan today provide an array of input methods
for the users. For example, the Great Eastern GE Chinese system (ch'i i Chung
wen~£rJjp jf Jt_ ) that runs on the Macintosh computer provides four basic input methods,
namely, Tsang-chieh, Chu-yin fu-hao, romanized Pinyin, and Simplified chien i )L , a
shape-sound-mixed method.
3.2 Chinese Output
As with western alphabets, Chinese characters have to be generated by fetching the
presorted font or by creating the font online before a character can be sent to an output
device. The easiest way is to store character patterns in dot-matrix form. For each
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typeface and font size, each character has to be digitized from its written form into a
dot-matrix form. However, dot-matrix fonts take up a tremendous amount of space (a
48 by 48 matrix of 13,051 characters takes up close to four million bytes of storage
space), and is device- and font size-dependent. For 24 by 24 characters, it is natural to
print three characters to an inch on a 72 dots-per-inch dot-matrix printer, but twelve
characters to an inch on a 300 dots-per-inch laser printer. When the characters are not
printed in their natural size, each character will have jagged edges due to extrapolation
or interpolation of the matrices which produces a staircase effect on slanted strokes. A
possible way to remove the jagged edges is to apply a smoothing operation using a
mathematical algorithm before printing the characters. The Macintosh LaserWriter
series of printers is able to perform smoothing for the various Chinese systems on the
Macintosh computer.
An alternative to the dot-matrix method is the use of outline fonts, in which
complicated mathematical functions are used to define the profile or boundary of each
character. The area within the defined profile is filled in and the character is thereby
produced. Since each character in each typeface is defined mathematically, one can
perform various transformations on these characters and still retain the sharpness of the
edges. PostScript* is a popular language that uses these outline or vector graphic fonts
[Farn 1988]. The concept of outline fonts has been adopted in recent years for the
output method on laser printers, producing high-quality documents. Two good
examples are the Dyna-font by Hwa-k'ang
) in Taiwan, introduced less than two
years ago, which is compatible with many laser printers and many personal computerbased Chinese systems, and the Apple LW-NTXA.
3.3 Chinese Information Interchange Codes and the Internal Codes
The symbols used in any natural language are represented as certain binary bit strings
in the computer. In order to facilitate communication between various components of a
computer system, or among systems, the standardization of codes is inevitable. The
standards are termed Code of Information Interchange (CII). There are several coding
schemes proposed by various research organizations in different countries. In 1980 the
National Central Library in Taiwan published a 3-byte Chinese Character Code for
Information Interchange (CCCII) (ch'tian Han ma.^j^f^)
in an attempt to
accommodate more than fifty thousand characters, including normal, variant, and
simplified versions. CCCII has been adopted as the international standard, especially
for library applications.
Unfortunately, most vendors opted for a much more simple solution requiring only two
bytes in order to save space and processing time. In 1986, the Republic of China
(ROC) government adopted a second standard code of information interchange, the
General Code Standard (GCS) (t'ung Han maifefy ^ | ) which is based on a 2-byte
scheme. The scheme has a much smaller character set (13,051) at the expense of less
frequently used characters. Due to the incomplete character set, users are required to
"create" tneir own characters as needed, causing tremendous interchange problems.
For a variety of reasons (mostly historical), the actual binary representation used in a
computer may not be exactly the same as the codes defined by a CII. Most mainframe
and minicomputer companies choose to have their own internal coding schemes which
suit their own internal structures. For microcomputers, the most popular internal
coding scheme is the Big-5 code published by the Institute of Information Industries in
1984. The Big-5 code is a 2-byte coding scheme able to hold 14,758 characters.
Unfortunately, it is different from the General Code Standard.
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Both GCS and Big-5 codes were later found to be unsatisfactory due to code conflicts
with many data communications and system software functions. The Taipei Computer
Association (TCA) therefore designed yet another 2-byte coding scheme to avoid code
conflicts, but this new code retains the character sequence of the GCS. The new code,
TCA Code (kunghui ma
defines spaces for 23,500 characters. There is yet no
commercial product making use of the TCA code.

3.4 Chinese Computing Environment
There are basically four approaches to implement a Chinese computing environment.
For mini- and mainframe computers whose operating systems are difficult to modify,
special Chinese terminals and printers are used as the buffer between the computer and
the user. The terminal and printer handle all the necessary processing required to
translate input keystroke sequences into Chinese internal codes during input and to
translate internal codes into display characters during output. In most cases, the system
may take the Chinese data without any modification to the system. The special Chinese
terminals can be implemented either through hardware, software, or PC emulation.
The most popular approach used at the microcomputer level is to add a "layer" to the
native operating system so that character input and output are intercepted and
processed before passing to or after being received from the operating systems. In this
case, the system remains an English-based system but is able to manipulate Chinese
characters without being aware of the difference. Most Chinese systems on the PC
(e.g., I-t'ien4%^ Kuo-ch'iao ) I J ^ , L i n g - i ^ ^ , etc.) and on the Macintosh (e.g.,
Chung-wen Talk £ jfc. Talk, Chl-i-fr % , Mai-chin-to
% ) use this approach. With
some systems, the internal coding scheme sometimes crashes with certain aspects of the
native operating environment or the applications software. When this happens to be
the case, patches to the operating system or the applications system are required.
The third approach is to develop a native Chinese operating environment. This is a
relatively new approach at the microcomputer level. Several products are either in the
prototype stage or just in the product development stage today. These include Chinese
DOS (CDOS), Chinese Windows (C-WIN), etc. These will provide a genuine Chinese
operating environment, accepting and displaying not only data but also commands and
messages in Chinese.
The last approach is to bundle the Chinese system with a specific application system. In
that case, only the specific application system will be able to make use of the Chinese
processing capabilities: for example, Tian-Ma
, a word processing package
running under PC-DOS and F e i - m a ^ j ^ , a word processing package running under
the Macintosh operating system.
3.5 Chinese Language Applications
A full range of application software is available under various Chinese operating
environments. In virtually every instance, these applications accept both Chinese and
English data. Apart from the application specific software, many general purpose
packages are also available, ranging from data management (e.g., modified dBaselll,
Microsoft FILE) and spreadsheet applications (e.g., SILK, modified Lotus 1-2-3, Excel),
to graphics packages (e.g., MacDraw, AutoCAD). Among these, word processing
packages are the most prominent and desktop publishing is the hottest new entry.
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3.6 Chinese Word Processing
Chinese word processing systems are the most frequently used Chinese applications in
the ROC. Most word processing tasks are performed on the MS-DOS platform, with a
small portion on the Macintosh and the IBM 5550 platforms.
Just as in the English environment, Chinese word processing has progressed from basic
line editors to full screen editors with some desktop publishing functions. Most of the
word processors used in Taiwan are easily accessible, low cost packages. The most
popular ones in the DOS environment are PE II and Chinese WordStar. A few of the
more advanced editing features will not work properly due to code conflicts. Besides
these, a locally developed package, KS II (by Kuo-chiao]g) ^ ) is also gaining in
popularity. As users upgrade their equipment, some have switched to the more
advanced Microsoft WORD, which is richer in functionality and offers a "what you see
is what you get (WYSIWYG)" interface. The majority of the output devices are 24-pin
dot-matrix printers with built-in Chinese fonts, although laser printers are quickly
gaining in popularity.
On the Macintosh front, most of the popular U.S.-made software can be used without
any modification or loss of functionality. According to informal vendor surveys, the
most used software are MacWrite and Microsoft WORD. A few local vendors have
also decided to take advantage of the graphics interface of the Macintosh and have
developed word processing packages that allow vertical character strings running down
the page and moving from right to left. An example of this is SOLO JCh'iaos h o u ^ ? ^ ) from Chou-chiian (fjt)^ ), and Forms Become Simple
from
Great Eastern ( - ^ % ) .
3.7 Chinese Desktop Publishing
In parallel fashion to the U.S. market, Chinese desktop publishing (DTP) first started
on the Macintosh platform. This was due to the quality of the Apple LaserWriter, using
unmodified copies of PageMaker and ReadySetGo! As Chinese-based hardware and
software amendments to Hewlett Packard LaserJet and other compatible laser printers
started to gain market acceptance a few years ago, a flood of Chinese desktop
publishing packages entered the market, with varying degrees of success. Most of these
are able to make use of various Chinese fonts, either bundled with the software or with
the printer. The most popular Chinese DTP software includes Ya-mo ^ | t , Pisheng}||j- , Hua-k'ang i&Jfr , Lan-t'ing jgj ^ , Hsin-han-i
A-t'u
& , K'o-chichih-lung M ^iji/fft:» and PageMaker. The most popular Chinese fonts are Dyan-font
from Hua-k'ang wnich is a vector graphics outline font, and I-t'ien4%^. which is dot
matrix based.
Chinese DTP is the fastest growing sector in PC-based applications. As of the first
quarter of 1989, the installed DTP base is more than 1,000 sets and over 60 percent of
all laser printers sold are used in DTP [Hwang 1989].
4. Current Trends in Research
As early research results turned into commercial products, researchers and developers
turned to newer frontiers, hoping to break new ground. The next few paragraphs
attempt to cover the more interesting issues in research and development. References
to these new research efforts can be found in the Journal of Computer Processing of
Chinese and Oriental Languages and the proceedings of the annual International
Conference on Computer Processing of Chinese and Oriental Languages.
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Voice processing has always been an area of research attempting to provide more
flexible input and output for Chinese computing. Early efforts focused on voice
synthesis, attempting to produce voice output through digitized voice data imitating
natural speech. Research efforts moved from voice synthesis of single characters to
phrases. The processing of phrases is much more complicated due to the changes in
tone when characters are strung together into phrases.
A significant proportion of research has focused on voice recognition, as is evident from
the contents of the annual conferences on Chinese processing. Again, the initial
research was in developing an isolated syllabus, and then moving into polysyllabic
phrases. The major hurdle in this research area is the wide variance obtaining in the
sources of speech. Therefore, current research is mostly based on a strict set of
conditions for age, sex, and context, etc. As advances are made, knowledge of Chinese
linguistics becomes more and more important. National Taiwan University is among
the leaders in this area of research.
Another important direction of future research is in character recognition in two major
areas: one is the recognition of optical input of printed and handwritten character
images, and another is the recogmtion of handwritten character input on digitizing
tablets. National Tsing-hua University, the Industrial Technology Research Institute,
and the Telecommunication Laboratories are among the leaders in this area. Initial
research results are quite significant. More than five thousand printed characters in
Ming, Fang-Sung, Black, and Block styles can be recognized with a 98 percent degree of
correctness at a speed of about one character a second.
Chinese natural language processing is another important research direction, requiring
a thorough understanding of Chinese linguistics including syntax and semantics.
Research in this area is mostly still in the theoretical stage, relying heavily on artificial
intelligence techniques. An important branch in natural language processing is
automatic translation.
Full text storage and retrieval is an important application of computer technology in
offices, libraries, and public data services. It is quite different from the storage and
retrieval of formatted data where data are organized into limited data fields. Chinese
full-text processing is a more complicated problem than full-text processing in English.
While meanings in English are manifested in words, separated by spaces, Chinese
phrases are difficult to separate and create a whole new set of retrieval problems.
Academia Sinica has been quite successful in exploring this area.
5. Concluding Remarks
While Chinese-language processing has a very short history, the past two decades have
witnessed significant improvement both in theory and real-life applications. Apart from
being a set of complicated technical problems, the processing of Chinese language
automation involves the language itself, which has very strong cultural implications.
Research efforts in various parts of the world, especially among the three major user
communities, namely, Taiwan, the mainland, and Hong Kong, has been largely
independent. The next stage of major advances will require cooperation in research
among these areas, independent of political considerations, to achieve lasting
excellence.
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